INTRODUCTION
vein deposits. It seems very noteworthy to describe the occurrences in some detail and to consider the mineralogical aspect of ores involved in these rare cases.
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Abundant dike rocks are felsite, hornblende porphyrite, garnet andesite, hornblende andesite, rhyolite and basalt. The former two occur mainly in northeast direction, while the rest in northwest. They belong generally to the Tertiary volcanic activity and cut across hydrothermal base metal veins in many places.
Outline of two types of ore deposits It seems very remarkable that the two different types of ore deposits occur closely together in the same mining area. They are bedded massive, cupriferous pyritic deposits and related deposits, and subvolcanic-hydrothermal vein deposits. Hydrotherinal vein deposits. The hydrothermal vein deposits have long been in operation and produced enormous amount of copper, lead, zinc, tin, tungsten and accompanying gold, silver, arsenic ore, and magnetite. These veins have been in many years a target of both economic and scientific interest, and have frequently been reported by Kato (1917 Kato ( , 1920 Kato ( , 1926 , and recently by Saigusa (1958) , Sekine (1959) , Abe (1962) and many others.
Vein deposits occur rather regularly in sets of vein group which run parallel closely (Saigusa, 1958) , and in the eastern half of the mining district they are arranged mainly in northwest direction and dip northeastward as well as south%vestward in some cases, transcrossing the general structural trend of the area, as shown in Fig. 1 .
Major ore minerals are, in order of decreasing importance, chal copyrite, sphalerite, cassiterite, galena, bornite, wolframite, scheelite, arsenopyrite, magnetite, and subordinate amount of pyrrhotite, pyrite, bismuthinite, native bismuth, hematite, molybdenite, etc. The ores are associated with varying amounts of quartz, chalcedonic quartz, fluorite, calcite, siderite, chlorite, apatite, manganiferous calcite, and clay minerals. Various ores show significant phases of mineralization and remarkable structural and textural features, which suggest the formation of veins to be of subvolcanic magma origin, and also display remarkable zonal distribution of ores within vein groups as investigated by Abe (1962) .
Massive pyritic deposits Regarding bedded massive, cupri ferous pyritic deposits, champion ore bodies are the Minamidani deposits which are situated about some kilometers northeast from mine office. Reserves of the Minamidani pyritic ores have nearly come to an end, and large part of the subsurface workings are now almost inaccessible to investigation. Unfortunately the Minamidani deposits have not ever been described in detail, although there are many unpublished company-own data.
Pyritic ore deposits of Minamidani lie just in the phyllitic zone of argillitic facies of the Paleozoic formations, which are composed of green phyllites, siliceous phyllites, black phyllites, phyllitic or massive schalsteins. Ore bodies are stratigraphically bounded directly in green phyllite. These strata are intruded at the southern side of ore deposits by semi-buried, large intrusive masses 
RELATIONS BETWEEN ORE BODIES OF Two DIFFERENT TYPES
Besides the Minamidani deposits of cupriferous pyritic ores, small lenticular ore bodies of same kind, or similar bedded deposits including magnetite-chalcopyrite or pyrrhotite ores have been found in several localities within the eastern half of the Akenobe mining district (Fig. 1) . The localities are (1) 
MICROSCOPIC FEATURE OF ORES AT THE INTERSECTION
Mineralogical features seem at first sight to point the classifica tion of the ores of occurrences mentioned just above into three groups : pyritic, pyrrhotitic, and magnetitic-chalcopyritic ores. Besides these, the Minamidani deposits contain also all kinds of ores corresponding to these three groups. Microscopic observations may visualize some interesting relations among these groups.
Pyritic ores So far as pyritic ores concerned, their mineralogical features lie within the range of ordinary massive, cupriferous pyritic deposits of familiar type. Pyrite being euhedral, subhedral, irregular, fractured or rounded grains and aggregates are cemented in, replaced or veined by varying amount of chalcopyrite, sphalerite, galena and quartz (Fig. 5A , 5B and 5C). Grain size of pyrite varies widely from 0.01 to 0.05mm and shows often heterogeneous distribution. Colloidal form of pyrite has not been found.
In the pyritic ores, neither pyrrhotite, marcasite nor bornite is commonly found. Euhedral grains of arsenopyrite are present in cases where pyritic ores are permeated by hydrothermal vein quartz as at Kamagatani, and are found in infiltrating gangue quartz and calcite. At Kamagatani, magnetite is rarely found having only relict form of unknown origin (Fig. 5C ). Mineral paragenesis and textural features do not show any remarkable effect of the later hydrothermal alteration by Kamagatani vein on the original mineralogical assemblage of pyritic ores.
Pyrrhotitie ores Lenticular mass of pyrrhotite in the Crosscut-600 F. L. contains considerable amount of sphalerite patches. Pyrite is localized in granular aggregates, along whose marginal part occur irregular aggregates of marcasite of somewhat porous texture. Pyrite and marcasite are often associated with irregular forms of chalcopyrite. Sphalerite contains semi-oriented intergrowth of abundant blebs and veinlets of pyrrhotite and chalcopyrite (Fig. 6A) . Intergrown blebs of pyrrhotite are larger in grain and veinlet size than those of chalcopyrite. The ore is associated with small amount of galena, but no magnetite is found in the ore. Texture and mineral assemblage suggest that the pyrrhotitic ore must have been converted from pyritic ore by the thermal effect of nearby intruding gabbroic magma.
Pyrrhotite ores found in Minamidani deposits contain considerable amount of magnetite, sphalerite, galena, quartz, and ilvaite. surrounded by magnetite rim (Fig. 5G and 5H ). Pyrite is very rare in the pyrrhotite ores.
Magntitic-chalcopyritie ores Ores of this kind are represented by those of Komori and Nihonmatsu, and also occur in considerable amount in the restricted part of Miinamidani deposits.
As mentioned previously, the massive chalcopyrite ore forms a middle band sandwiched by magnetite bands in Komori, but in Nihonmatsu chalcopyrite is only fine dissemination. In the Minamidani deposits, however, chalcopyrite occur in irregular patches and masses in magnetite ore.
Magnetite at Nihonmatsu shows aggregate of very finegrained magnetite and siderite, and the aggregate is arranged rather in dendritic or radial structure, and is embedded in gangue quartz (Fig.  6B) . Small irregular grains of chalcopyrite and pvrrhotite occur in quartz. Bornite seems to occur only in vicinity of intersecting vein. No pyrite is found.
Magnetite of Komori has a similar feature to that of Nihonmatsu. Anhedral, irregular grains of magnetite up to 0.03mm across cemented by interstitial siderite are embedded in quartz and calcite, and these magnetite-siderite aggregates show coagulating form suggesting colloidal origin of syneresis texture (Fig. 6C and 6D) . Transformation of siderite to magnetite seems very possible, as discussed previously on the magnetite of hydrothermal veins of Akenobe (Sekine, 1959) . Marginal grains of magnetite-siderite aggregates show often euhedral shape against gangue quartz (Fig. 6C) . In the magnetite bands, chalcopyrite is present in a very small amount, usually embedded in quartz, but sometimes fills and replaces directly the magnetite (Fig.  6D, 6E and 6F ). Bornite occurs in quartz as separate grains or combined with chalcopyrite, as if bornite occupies otherwise chalcopyrite area. Sphalerite with blebs of chalcopyrite is sometimes found, but galena is very rare.
In the transitional portion between magnetite and chalcopyrite band, interfingering areas of magnetite or chalcopyrite of several millimeter across protrude each other, as they suggest the squeezing movement of fluidal materials. Quartz is always more abundant in magnetite band than in chalcopyrite band. Magnetite becomes granular and massive in chalcopyrite band, and is surrounded by intervening siderite-chlorite rims against chalcopyrite (Fig. 6F) . No pyrrhotite and only rare pyrite are found in magnetite bands, but small amount of these minerals occur in chalcopyrite band. Pyrite in chalcopyrite area shows often corroded form, and pyrrhotite shows sporadic occurence of irregular shape in chalcopyrite. Euhedral grains and aggregates of flaky chlorite are enclosed in chalcopyrite. Sphalerite is always a subordinate accompaniment having mutual boundary in chalcopyrite (Fig. 6G) . Bornite is very rarely found in chalcopyrite band.
Chalcopyrite-bearing magnetite ores of Minamidani deposits are remarkable in their occurrences as mentioned in earlier chapter. Magnetite of the ores occurs as forms of radiating bundle , slender blade, or elongate aggregate in quartz and ilvaite (Fig. 5D, 5E and 5F). Although magnetite aggregates display remarkable similarity in forms to those of magnetitic ores in the other localities , aggregates in this case do not include the interstitial siderite. Some amounts of epidote, actinolite and chlorite may also be present . Ilvaite contains abundant tiny grains of chalcopyrite, pyrrhotite, or galena, and rare cube pyrite (Fig. 5D ). Pyrrhotite occurs sometimes in chalcopyrite area as grains up to 0.1mm across.
Magnetitic ore breccias enclosed in hydrothermal vein At the intersection of two types of ore deposits, ore breccias of the bedded type may be expected as inclusion in hydrothermal veins. Pyritic ore breccias were not available for our scrutiny, therefore only magnetitic ore breccias of the Komori vein were used for microscopic observation.
Magnetitic ore breccias are enclosed in and permeated with quartz and calcite gangues containing tin-copper ore. Magnetitesiderite aggregates remain almost unchanged by the hydrothermal solution, however, sometimes becoming loosely, in gangue quartz and calcite, and in bornite (Fig. 6H) . The most significant feature of the breccias is the presence of abundant bornite in comparison with original magnetitic ores. The bornite occurs as grain and area in gangues and between magnetite-siderite aggregates, and is often fringed or veined by chalcopyrite, but lamellar chalcopyrite is sometimes arranged in bornite. Some of the bornite grains contain covellite having mutual boundary independently of chalcopyrite. Sphalerite containing often chalcopyrite blebs has a mutual boundary with bornite. No pyrrhotite and very rare pyrite are found in quartz cementing magnetite and bornite. Fine grain of stannite like mineral is not vet identified. Cassiterite and apatite are dissemi nated in the breccias. Epidote and chlorite are also present in small amount. Magnetitic ores adjacent to hydrothermal vein show same mineralogical features, but the alteration halo seems very narrow.
CONSIDERATION AND CONCLUSION
In recent years, some genetic considerations on pyrrhotite and magnetite ores which occur in close relation to pyritic ore deposits were given to the deposits of Yanahara mine by Hayase and Mariko, Higashimoto, and Tsusue. According to the stability relation and variation in magnetic susceptibility of pyrrhotite and estimation of heat conduction around intrusive bodies, Hayase and Mariko (1961) concluded that the formation of pyrrhotite and magnetite ores should be ascribed to the dissociation of pyrite which was effectuated by the thermal metamorphism of intruding quartz porphyry and underlying batholith.
They found magnetite pseudomorph of short prismatic or platy form after pyrrhotite. Higashimoto (1958 Higashimoto ( , 1962 , however, thought that the pyrrhotite and magnetite, except those adjacent directly to quartz porphyry dike, were formed not by thermal metamorphism of pyrite, but by the reaction of pyrite with hydrothermal solution, partly gaseous, of high temperature which was migrated from underlying granitic batholith. In this case the consideration was mainly based on paragenetic relations and spectrochemical correlation of the ores. It should be considered that the pyrrhotite and magnetite of Yanahara mine occur in three modes of occurrence : the first, in pyrrhotite -magnetite zone occupying the lower margin of the pyritic deposits ; the second, in irregular veinlets of pyrrhotite, magnetite and biotite within the pyritic deposits, which sometimes continue to the zone of the first case ; and the last, in pyrrhotite and magnetite zones adjacent to quartz porphyry dikes. Tsusue (1962) estimated the temperature of formation of pyrrhotite based on the compositional variation of pyrrhotite by means of X-ray diffractometry, and case to the conclusion similar to that of Higashimoto. He ascribed the formation of magnetite and pyrrhotite in the first case to the diffusion of sulphur and oxygen without substantial participation of ascending fluid, and the formation of pyrrhotite veinlets to the interaction of pyritic ores with ascending fluid which was caused by the thermal metamorphic action of quartz diorite intrusion, while these minerals adjacent to quartz porphyry dikes were formed in situ by dissociation of pyrite. With regard to pyrrhotitic and magnetitic ores of the lenticular or bedded-form deposits in Akenobc mine under consideration, the following conclusions seem to be derived in consideration of geologic structure, modes of occurrence, and paragenetie relations as described in previous chapters.
(1) Pyrrhotitic ores of the Crosscut-600 F. L. to Kanakidani indicate the possibility that they were formed from cupriferous pyritic ore by thermal metamorphic action of nearby intruding gabbro stocks, partly at least by interaction with fluid or by mobilization of pre-existing pyriticore.
(2) Pyrrhotitic and magnetitic ores of the Minamidani pyritic deposits may also be formed by interaction of pyritic ores with high temperature fluid, that derived from intruding gabbro, ascending through major faults and rock boundaries.
(3) Magnetitic ores with chalcopyrite of Komori and Nihonmatsu show peculiar features of magnetite-siderite aggregate, and these magnetitic ores can not be explained reasonably by the thermal dissociation of pyrite and pyrrhotite or interaction with fluid, but suggest the primary formation of magnetite and siderite in aggregate in special depositional environment, previously to the time of gabbro intrusion. There remains, however, a posibility that the magnetite might be formed by the oxidation of siderite which was effected by the interaction with ascending fluid or by thermal action of intrusive gabbro.
(4) With regard to the later hydrothermal alteration of cupriferous pyritic ores of Kamagatani and Shotoku , where the ores are cut across by the vein, there has been found little change of minerals or paragnesis of pyritic ores, except some newly deposited vein stuffs.
(5) It should be mentioned, however, that the magnetitic c halcopyritic ore breccias enclosed in Komori vein contain abundant bornite together with some covellite, without noticeable amount of pyrite and pyrrhotite. Magnetite-siderite aggregates remain unchanged in original texture, and no evidence is found that any part of magnetite or pyrrhotite, even bornite was formed by dissocia tion of pyrite or chalcopyrite. Bornite shows textural relation suggesting earlier formation than chalcopyrite. However, in the very vicinity of the breccias, the hydrothermal vein itself contains only a little amount of chalcopyrite, bornite or other sulphides, accordingly bornite and covellite of the breccias must have been deposited by the interaction of bornite-free magnetitic-chalcopyritic breccias with hvdrothermal ore solutions. The resultant mineral association seems to suggest the alkaline nature of the hydrothermal ore solution.
(6) Thermal decomposition of minerals in the pyritic or related ores depends on the temperature and total heat supplied by the hydrothermal ore solution. The temperature of formation of the hydrothermal veins in Akenobe mine have been estimated to be in temperature range up to hypothermal condition by means of decrepitation method. As heat reservoir the hypo-to mesothermal ore solution is hardly able to warrant the thermal transformation, and much higher temperature is required. Heat capacity and latent heat of crystallization of ore solutions may be too small, so that the veins can not be the sufficient heat storage. Furthermore, longer duration of flowage of the hydrothermal ore solution may also be indispensable for influencing thermally the paragenesis of the massive pyritic ores.
